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SPECIFICATION 

Damascene Interconnection and Semiconductor Device 

TECHNICAL FIELD 

5 This invention relates to damascene interconnections and semiconductor devices. 

More particularly, the invention relates to a damascene interconnection having a bonding 
pad formed by a pad trench and a metal or conductive film filling the pad trench, and to a 
semiconductor device using same. 

10 PRIOR ART 

Recently, so-called the damascene process has being adopted in providing 
multilevel interconnections for a semiconductor device having a metal or conductive film 



ti buried in the insulating film. 



Briefly explaining a general damascene interconnection, an insulating film 2 
ry 15 formed on a semiconductor substrate 1 as shown in Figure 1(a) is etched using a mask of 
resist 3 patterned corresponding to an interconnection, as shown in Figure 1(b), thereby 
forming a trench 4. After removing away the resist 3, a conductive film 5 is formed 
covering the trench 4 as shown in Figure 1(c). Then, the conductive film 5 in areas other 
than the trench 4 is removed in a polishing process using, for example, a Chemical 
20 Mechanical Polish process (hereinafter referred to as "CMP process"), as shown in Figure 
1(d). 




It is known that, where removing the conductiyXfilm 5 by the CMP process, the 
greater is the opening area of the trench the higner/sthe polish rate on the conductive film 
buried in the trench, as shown in (Figure\2. There encouhters no especial problem in 
25 regions having a small trench opening ar<ra)«uch as in usual interconnections. However, 



- 1 - 




in regions having a large trench opejikig^e^s^ch as a bonding pad 6 shown in Figure 3, 
the conductiveffiim 5 in th^tfejfch is pptfshed ntto a dish-like form by an abrasive as 
shown in Figured, thus ^^tinein so-called dishing. Due to this, there are cases that 
disconnection or increase offes^stance^occurs in a central portion A where the wall 
thickness is reduced^hen providip^onnection between the bonding pad and the IC 
frame. 



SUMMARY OF THE INVENTION 

Therefore, it is a primary object of the present invention to provide a novel 
damascene interconnection and semiconductor device. 



Another object of the inven£k5h is to/provide a damascene interconnection capable 
of preventing resistance value increase^^disconnection caused by dishing in a bonding 
pad, and a semiconductor device ugfrig the^same. 



A damascene interconnection according to the present invention, comprises: an 
interconnection trench formed in an insulating film and a pad trench communicating 
therewith; a protrusion formed by a portion not removed of the insulating film in the pad 
trench to decrease a substantial opening area of the pad trench; and a conductive film 
buried in the interconnection trench and the pad trench. 

In the case of using such a damascene interconnection for a semiconductor device, 
such a semiconductor device, comprises: a semiconductor substrate; an insulating film 
formed on the semiconductor substrate; an interconnection trench formed on the 
insulating film and communicating with a semiconductor element; a pad trench formed 
on the insulating film and communicating with the interconnection trench; a protrusion 
formed by a portion of not removed of the insulating film in the pad trench and reducing a 
substantial opening area of the pad trench; and a conductive film buried in the 



interconnection trench and the pad trench. 




When removing the conductive film by/ CMP process or the like, the protrusion 
dividing the pad trench serves as a stopsif-mfisTSng by an abrasive. Consequently, so- 
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called dishing will not occik that thd^nauctiveyfilm in the pad trench is excessively 
5 removed. Thus, according to the iiyyentihnyit is possible to prevent a bonding pad from 
being increased of resistance or(jausiirg^ disconnection resulting from dishing. 

The protrusion may be formed not to divide the conductive film buried in the pad 
trench, or formed to divide the conductive film. However, where the conductive film is 
divided, another means is required to electrically couple together divided conductive film 

10 portions. The other means may be a contact hole for connecting between the conductive 

;n 

film formed in the insulating film and a conductive film arranged in a level lower than the 
insulating film. It should be noted that the contact hole is effective also where the 
conductive film in the pad trench is not divided by a protrusion. 

The protrusion includes, in one embodiment, island protrusions distributed in a 
15 proper interval in the pad trench, and in another embodiment ridges. 

The above described objects and other objects, features, aspects and advantages of 
the present invention will become more apparent from the following detailed description 
of the present invention when taken in conjunction with the accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

\_ ' ) Figure 1 is an illustrative view sh owin g a proce^foiy a general damascene 



interconnection; 

Figure 2 is a grap# showing a usuaJ*$5Rsh characteristic in CMP; 
Figure 3 is an illustrative vieWshowing a prioi/art; 
25 Figure 4 is a sectional view on like IV- IVifi Figure 3; 
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Figure 5 is an illustrative view showing one embodiment of the present invention; 
Figure 6 is a sectional view on line VI -Win Figure 5; 
Figure 7 is zunllustrative view shpjvjng a method for forming the Figure 5 
embodiment; 

Figure 3 is an illustrate viewyshowingiinother embodiment of the invention; 
Figure 9Hs an illustrative view showing another embodiment of the invention; 
Figure 10 is an illustrative'Ww showing another embodiment of the invention; 
Figure 1 1 is a sectionawiew/Oirlme - in Figure 10; 

Figure 12 is an illustrative-View showing another embodiment of the invention; 



and 



Figure 13 is an illustrative view showing another embodiment of the invention. 



BEST FORM FOR PRACTICING THE INVENTION 




a 



A semiconductor device 10 of this-ernrJOidimen>sliown in Figure 5 and Figure 6 
includes a semiconductor substrate42 formedj^rexarnple, of silicon (Si) or the like. 
Note that the semiconductor substrate 12^SV use any 6i other materials. Semiconductor 
elements, including active and/or passive elements; are formed on the semiconductor 
substrate 12, although they ar^not shown-trrihe figure. 

The semiconductor device 10 comprises a damascene interconnection 11 
including, on the semiconductor substrate l^an interconnection trench 16 extending 
from the semiconductor element (not sfaawa^and a pad trench 18 connected to the 
interconnection trench 16. That^s^fl insulating jftlm 14 is formed, for example, of silicon 
oxide (SiOj) in a uniform film^uckhess on tWsemiconductor substrate. In the insulating 
film 14, the interconnection^ trench 16 a^the pad trench 18 connected therewith are 
formed. The insulating film 14 maytfse any of other materials. 
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Note that Figure 5 and Figure 6 illustrate the insulating fjlml4 formed directly on 
the surface of the semiconductor substrate 12 in order for simplifying illustration and 
explanation. However, in the actual semiconductor device, one or a plurality of 
semiconductor element layers^arerormed on thje^emiconductor substrate 12 as well 
5 known in the art and ap^nterconnection lasers is formed as required on each of such 
semiconductor element layers^ TheA^rconnectipn trench 16 provides electrical 
connection between the semicdnGuctor element (riot shown) and the pad trench 18. The 
pad trench 18 serves as a bending padNm which wire-bonding is to be made to a not- 
shown IC leadframe. That is, the pad trenc\18 is a connection terminal to provide 
10 electric conductionof the semiconductor element on each layer to and from the IC 



a 

Q 
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leadframe. 



It has been a conventional practice to form such a damascene interconnection 1 1 
by merely filling a conductive film, such as of copper (Cu), aluminum (Al) or tungsten 
(W), in the interconnection trench 16 and pad trench 18. 



rU In this embodiment, however, the following devising is implemented on the pad 

i§^> r") tren ch 18 comparatively large in opening area, in order to prevent against dishing as 

v stated before. That is, the pad trenchj£-has an insulating film 14 formed to be left as an 

island-spotted form. Consequently, the pad jrencJrlS is divided into unitary portions by 
island protrusions 20. Howeves^he islandAr^rmslofls^O do not separate one portion 
20 from another portion 6f the pad trenclv^&/ i.e. the pad trench 18 is continuous in areas 

except for the island protrusions 2p^Tnar>is, the pad trench 18 in this embodiment has a 
large opening size but is reduced in substantiaKopening/area by the presence of the island 
protrusions 20. Specifically, in this embodiment the/pad trench 18 has a side determined 
as approximately 50 -J100 U m and an interval of/he protrusions 20 determined as 
25 approximately 5 - 20 U m. 
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In the pad trench 18 thus having the island-spotted protrusions 20, a conductive 
film 22 is formed using a metal as mentioned before or conductive material in a manner 
similar to that of the interconnection trench 16. Thus, the semiconductor element (not 
shown) on the semiconductor device 10 is electrically coupled through the conductive 
film 22 buried in the interconnection trench 16 to the pad trench 18, i.e. the conductive 
film 22 buried in the pad trench 18. Due to this, by bonding a wire (not shown) to the 
conductive film 22 formed in the pad trench 18, the semiconductor element is put in 
electrical connection to the wire, i.e. to the IC leadframe. 

Hereunder, explanation is made on a method to/concretely manufacture a 
semiconductor device 10 of the embodiment havjrfe a damascene interconnection 1 1 as 
described above, with referenc^to Figure^/fircidentally, in Figure 7 an insulating film 
14 is formed directly on a su/face of Jhg&miconductor substrate 12. It should however be 
noted that the semiconductor device JO in practical has a proper number of semiconductor 
element layers as stated before apfl Figure/7 depicts an interconnection structure having 
only one layer for the sake of^onvenience. 



An insulating layer 14 is formed on a semiconductor substrate 12 by thermal 
oxidation process or the like, as shown in Fig. 7(a). Thereafter, the insulating film 14 is 
masked with patterned resist 24 to leave island protrusions 20. Etching is made to form 
an interconnection trench 16 and a pad trench 18. At this time, a plurality of island 
20 protrusions 20 are formed in the pad trench 18. After removing the resist 24, a conductive 
film 22 is formed over an entire surface of the semiconductor substrate 12 including the 
interconnection trench 16 and pad trench 18 by a CVD or hot sputter process, as shown in 
Fig. 7(c). Then, the conductive film 22 on the insulating film 14 is removed as shown in 
Fig. 7(d) by a CMP process. 



In the CMP process, the semi 




bstrate 12 (including the insulating film 



/ 
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14 and the conductive film 22) is urged onto a polishmg / dad mounted on a polisher table. 
The table and the substrate holder are relatively rota^d while supplying to the polishing 
pad a slurry containing abrasive particles. WhenLtne conductive film 22 on the insulating 
film 14 is removed, the pplismngvoperation ^finished. In this case, the abrasive particle 
for polishing is seleded of kind (materiaj v £article size, etc.) such that in CMP a polish 
rate on the insulating film, 14 is/pwer tljan a polteh rate on the conductive Film 22. 
According to an\experimen\Gonductefl by the present inventors, the polish rate in 
concrete is desirably given £s G>oH§h rate on thfe conductive film 22) / (polish rate on the 
insulating film 14) ^ 20 to 10/ThisNis beqause in CMP the conductive film 22 on the 
10 insulating film 14 needs to bff removed a/bapid as possible. However, the insulating film 
14 should be prevented rWm being damaged due to polishing, and the island projections 
20 are to prevent over-pfolish to the conductive film 22 of the pad trench 18. 
Consequently, there is a necessity of providing the insulating film 14 with greater polish 
resistance than that of the conductive film 22. 

According to this embodiment^tTtrlfe process/6f removing the conductive film 22 
(Figure 7(d)), the protrusions 20 j^fnsulating filrj^^iiav^ng a low polish rate acts such 
that the conductive film 22 is decelerated^ proceeding $Jf polishing by the polish pad. 
Thus, the conductive film 22 in the pad trenchj.8 can b/ prevented from being removed to 
an excessive extent. This in turn make's it possibre<fo prevent the pad trench 18 from 
20 increasing in resistance or occurrence of disconnection due to dishing. 
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That is, in the conventional art shown in Figure 3 and Figure 4, because the pad 
trench 6 is contacted in its entire j>penirrs by a poHsh pad (not shown), the pad trench 6 
having a large opening area^is partly ovey-poliihed into a result of dishing. On the 
contrary, in this embodiment, despir^ne dad trenctt entirely is large in opening area, the 
opening is divided into unitary pottioijs>wherein Jhe opening area is small if considered 
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on a portion sandwiched between ^essjand provisions 20. Due to this, over-polish will 
not occur. As a result, a conducti^film 22^6 the pad trench 18 is given a planar surface 
as shown in Figure 6 and Fij 



In this manner, in the present in^ention^Nvhefe using a CMP method having a 
/^S\^§/ polish characteristic that the poUsh>ate>^Breasey with increase in opening area, the 
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forming of protrusions in the pad^rench reduces the substantial opening area thereby 
preventing dishing. 

Incidentally, the protrusions 20 may be in a form to divide the pad trench 18 into 
portions. The shape of a protrusion may be a straight line as shown in Figure 8 or a 
10 squared-spiral form as shown in Figure 9. 




J^)Jy n^\. ^ That iS ' * n embodiment snown in Figure 8, aj)lu^a4ify of protrusions or ridges 

Iq^^) ^ are formecl extending from resf^tivdoirt^^ sides of a rectangular pad 
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trench 18. It should be notecrthaL in also^^case,jthe other areas of the pad trench 18 are 
i;2 continuous with one anothfer. In al$Mhis embodiment, the substantial opening area is 

j*y 15 reduced in the areas of between the protruding ridges 20, between protruding ridges 

q extending from different sicj£s and between the protruding ridge 20 and the inner edge of 

P 

the pad trench 18. 

^ In the embodiment of Figure 9, a pad trenchl^nas one ridge 20 formed in a 

*"0 > \^) SCJuared ' s P iral form - 111 tne Figure 9 em^^^^n^f^cause the ridge 20 is in the spiral 

20 form, the pad trench 18 is not divided kito!^Mms n^Liner, by forming the ridge 20 in the 





spiral form, the opening area is substantiaWyjeedubed in the areas of between portions of 
the ridge 20 and between the ridge 2(Land the pad trench 18 inner edge. 

Meanwhile, if necessary, connection holes or contact holes 26 may be formed 
through a bottom of the pad trench 18 to provide electrical connection between the 
25 conductive film 22 and a not-shown lower-level conductive film through these contact 
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holes 26. 
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Explanation is made in detail on an embodiment tiaving contact holes z6 formed 

through the insulating film 14, with reference to Figure 10 and Figure 11,. This 

embodiment is to be applied to a semiconductor device having another layer formed in a 

level lower the insulating film 14, as shown in Fig. 11. That is, another insulating film 28 

is formed on a semiconductor substrate 12, and further another condycuve film 30 is 

formed on the insulating film 28. Tfe insulating film 14 is foprfed on the conductive film 

30. In a bottom of the pad trench 18, atplurality/of cgjrtacFIiotes 26 are formed 

penetrating through the insulating film forming a metjfl or conductive film 22 

in the pad trench 18, a metal or conduc^iv^mVerial thereof is aljSo filled in the contact 

holes 26 to provide electrical connection between the upper-leveled conductive film 22 

and lower-leveled conductive film 30. By thus formin^the^contact holes 26 in the pad 

trench 18 and collecting between the conductive films^ and 30, it is possible to 

eliminajejhe ^disadvantage as feared upon forming protrusions 20 in the pad trench 18. 
/ 
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That is, the protrusions or ridges if formed in the pap'trench 18 results in volume 
decrease of the pad trench 18^erV6Turne reduction oj/fhe conductive film 22 of the pad 
trench 18. It is to be feared that the bonding padj& increased in electric resistance by 
volume reduction in the cbnductivj&qlm 22/if the pad trench 18. However, the 
conductive film 22 if coupled to the c^nabctiye film 30 as in the Figure 10 and Figure 1 1 
embodiments increases the effective volume orthe conductive film 22, thus properly 
suppressing the electric resistance from increasing. 



In an embodiment shown in Figure 12, contact holes 26 are added to the structure 
of the Figure 8 embodiment to thereby make the conductive film 22 of the pad trench 18 
integral with a lower-leveled conductive film. 
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In an embodiment of Figure 




ik formed in a closed- loop form in a 



manner different from the Figure 9 embodiment. Accordingly, iri^this embodiment the 
conductive film 22 of the pad trench 18 is divided into portions, in a manner different 
from the above embodime^itrlnTriifi case, the contactholes 26 are especially effective. 
That is, the formation/Of contact holes 2£^tfnngp^the conductive film 22 of the pad 
5 trench 18 to a lowe/-ievelec^ndjfctive fihrfjO (Figure 11). Consequently, the divided 
portions of the conductive figafa opf(e pad trench 18 are electrically coupled together 
through the conductive-film 30^ThatJs, in we Figure 13 embodiment, the ridge or 
protrusion 20 is formed in^closed^toop^OTm. However, there encounters no problem 
with disconnection.ifr the pad trench l^due to the protrusion or ridge 20 because the 
10 conductive jjifn 22 is coupled to theiower-leveled conductive film through the via holes 

Incidentally, in the present invention, the protrusion or ridge for reducing the 
actual opening area of the pad trench may be provided in plurality in the pad trench or 
employed one in number. 
15 Although the present invention has been described and illustrated in detail, it is 

clearly understood that the same is by way of illustration and example only and is not to 
be taken by way of limitation, the spirit and scope of the present invention being limited 
only by the terms of the appended claims. 
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